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[57] ‘ ABSTRACT 

Apparatus for processing ?uids such as blood or the like 
for ascertaining physical and/or chemical properties 
thereof. Samples to be processed are contained in dis 
p'osable containers and moved to different zones where 
various functions are performed such as adding reagent, 
incubating, testing, reading out data and discarding the 
container. The movement of the containers is afforded 
by a carriage moving on a guideway and having recip 
rocating embodiment, the containers each carry indicia 
means identifying the sample and including a test code 
prescribing a particular test procedure which is to be 
followed by the apparatus. In another embodiment it is 
intended that identi?cation of the patient’s sample will 
be initially made on the container which initially re 

ceives the sample and thereafter as portions are dis 
pensed from said container for use in processes this 
identity will be accomplished by suitable computer 
means. The apparatus includes programming and con 
trol means in the form of computer circuitry including 
memory storage. The instructions on test procedure are 
stored in the memory along with information on the 
location of the carriage along the guideway at all times, 
the location of sample containers along the guideway 
and the amount of time that any sample container has 
been delayed. The enabling signals for operation of the 
apparatus may be produced by the programming and 
control means which is arranged to provide for time 
sharing. 
Typically, if, during the processing of a sample in a 
container the delay time is sufficient to start or complete 
another sample test, the carriage is operated to pick up 
another container from the supply means and start pro 
cessing it, or complete the processing of a container and 
sample which had previously been started. The pro 
gram and control means, through its memory, adjust the 
operations of the carriage so that it is performing some 
function at practically all times thereby using the appa 
ratus most efficiently as to time. 

The operation of the apparatus is asynchronous in that 
there is no continuous predetermined movement of any 
elements without regard to the individual requirements 
of the test procedures and there is no continuous cy 
cling of any components. Movements and functions are 
performed only as needed and only for the times 
needed. 

The apparatus may include multiple reagent adding 
positions in the reagent adding zone; multiple incubat 
ing positions with different available times and tempera 
tures in the storage zone; multiple individual testing 
apparatus available at the testing zone; a combined read 
out and disposal means for the containers and their 
identification cards or a combined readout and card 
removal means with separate container disposal means. 

Conveniently there may be two carriages on the same 
guideway responding in cooperation to perform the 
needed functions of the processing, overlapping in 
travel extent, but both controlled so that there is no 
interference between them. 

63 Claims, 12 Drawing Figures 
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AUTOMATIC ASYNCHRONOUS FLUID 
PROCESSING APPARATUS 

This application is a continuation-in-part of my appli 
cation Ser. No. 578,872, ?led May 19, 1976 entitled 
“Automatic Asynchronous Fluid Processing Appara 
tus”, now abandoned, which is a continuation-in-part of 
my application Ser. No. 428,803, filed Dec. 27, 1973, 
entitled “Automatic Asynchronous Fluid Processing 
Apparatus”, now abandoned. 

BACKGROUND OF THE INVENTION 

The invention relates to automatic analyzing appara 
tus in which a liquid sample is to be tested, usually 
chemically, and the results of the test related to the 
identity of the liquid sample. 
The invention herein is primarily related to the test 

ing of biological samples such as blood, but is not so 
limited. 

Diagnosis, preventative medicine and information 
concerning the efficacy of treatment are greatly aided in 
modern medical practice by making a myriad of tests on 
blood. These tests may be divided into two major cate 
gories, physical and chemical. The physical tests are 
accomplished by operating on the whole blood and the 
chemical tests are performed by operating on the blood 
serum, that is, the liquid which remains after the blood 
cells have been separated therefrom. 
The physical tests include counting and sizing the 

white and red cells, measuring the prothrombin time of 
the blood, measuring the hematocrit, etc. 
The chemical tests are performed by adding certain 

reagents to the serum, subjecting the resulting solution 
to certain temperatures for particular times and then 
making colorimetric measurements of absorbence of 
certain monochromatic light. In some tests, the solution 
is sprayed into a flame and the resulting color is mea— 
sured. In some tests reactions are measured at intervals 
to give dynamic data. 
The information which can be obtained by means of 

tests of the chemical type include ascertaining the quan 
titative amounts of organic and inorganic substances in 
the blood, turbidity with respect to certain substances, 
etc. Some of these tests are identi?ed as follows: 

cholesterol 
protein 
chloride radical 
urea 

uric acid 
bilirubin 
sugar 
calcium 
sodium 
enzymes of different kinds 
gamma globulin 
various organic acids 
hemoglobin 

and many others. 
The invention is primarily directed to novel appara 

tus for making chemical tests, but as will be pointed out, 
physical tests can be made as well. In such cases, the 
sample prepared from whole blood is not necessarily 
centrifuged, but will be diluted and, if necessary lysed. 
The diluted sample can be automatically passed to a cell 
counting and sizing apparatus for making a determina 
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2 
tion of the red blood cell population and/or a lysed 
diluted sample can be automatically passed to such 
apparatus for determination of the white blood cell 
population. ' 

The chemical tests are normally made by adding a 
reagent to a serum sample, incubating it for a given time 
at a given temperature and then measuring the absor 
bency of the sample with respect to monochromatic 
light passed through the same. Apparatus are available, 
and such are contemplated by the invention, in which 
there is a dip tube or snorkel which may be automati 
cally dipped into a sample container, sucks a quantity of 
the sample into a test cuvette, projects light from a 
spectrophotometer comprising part of the apparatus 
through the cuvette and reads out the absorbency in 
absorbence units by means by suitable photoresponsive 
means and electrical circuitry converting the electrical 
output of the photoresponsive means into a signal that 
has been logarithmically operated upon by the circuit to 
give a linear response. The wave length of the incident 
light is adjusted by the operator prior to setting the 
apparatus in operation, but this can be done automati 
cally as described hereinafter. 
The apparatus of the invention is an automatic ana 

lyzing device in which a plurality of samples is passed 
through the machine and each sample is tested and the 
results are provided as one of the outputs of the device. 
Such apparatus, per se, is well known but the nature 

and characteristics of such known apparatus have inher 
ent disadvantages which the invention herein obviates. 
Ultimately, the ends sought by the invention herein are 
greater reliability, economy, simplicity and a higher 
throughout than prior machines, even those which are 
much larger and more sophisticated than that to be 
described and claimed. The manner in which these ends 
are accomplished is inherent in the structure and 
method of operation of the apparatus of the invention 
which differs considerably from that which is known as 
willbe apparent. 
To understand and appreciate the invention, it will be 

valuable to discuss the structure and operation of auto 
matic analyzing apparatus which are known at the pre 
sent time. . 

Known apparatus are of the so-called single channel 
and multiple channel variety. This designation “chan 
nel” is used to signify a test which is being run. Thus, a 
single channel apparatus will handle a single sample and 
will perfrom one test on that sample. The operator feeds 
a plurality of samples in suitable containers to the ma 
chine and the machine moves the samples through the 
procedure which has been established, either by the 
construction of the apparatus or by adjustments made 
thereto, and the output of the machine comprises the 
results of these tests produced by the apparatus one at a 
time. 

Multiple channel machines use a single sample which 
is transferred to a plurality of reaction vessels and the 
respective reaction vessels go through individual tests 
and provide a plurality of test results each of which is 
independent of the other but all of which are related to 
a single sample. 

In each of the above apparatus there are variations. 
Some apparatus provide means for handling different 
tests in a single channel machine so that each sample fed 
to the machine will be tested in a different manner. For 
example, a package of reagents may be furnished for 
any one of a large number of tests and the machine 
automatically constructed to run the test which is 
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chosen by the operator with the package automatically 
running through the test and producing the desired 
results. Any other single channel machine must be 
changed in its operation in case it is desired to change 
the test from the current one being run to another. 
As for the multiple channel devices, some give test 

choices by eliminating selected ones of the entire appa 
ratus repertoire; some require all tests to be performed 
on all samples regardless of need. 

All of the above machines have a characteristic 
which is wasteful of time and wasteful of the capability 
of automatic apparatus. This is the fact that the sample 
is transported through the machine and the test per 
formed at a speed which is ?xed by the construction of 
the machine. The speed is determined by the time that is 
required for the longest test to be made. The samples 
and/or reaction vessels are moved through these ma 
chines on belts, chains, wheels, or through tubes at a 
constant rate. If a reaction is to require more time than 
another, the ?rst reaction is started earlier along the 
path of movement so that all testing is done at a single 
location. 
The functions which are to be performed in these 

automatic machines include adding reagents to the sam 
ples, incubating, mixing, transferring treated samples to 
colorimeters, etc. Added to these functions, in multiple 
channel machines which use reaction vessels, the ves 
sels have to be washed, rinsed and returned to the be 
ginning of a path of movement. 
The principal difference between the present appara 

tus and those of the prior art, as will be appreciated 
from the detailed description which follows, is that the 
present apparatus operates asynchronously. There is no 
preset cycle of operations which must be followed by 
every sample; no continuously moving chain or belt or 
series of racks; no speci?c order of processing the sam 
ples; and no handling and/or recycling of the same 
reagent containers or vessels. Each sample is tested 
individually on a shared time basis, the apparatus oper 
ating asynchronously and automatically in that said 
sample follows a predetermined procedure, which if it 
includes any delay, enables the apparatus to be gainfully 
occupied during the course of such delay. An important 
structure provided by such apparatus is a carriage or 
pair of carriages moving‘ along a guideway and engaged 
in handling the sample containers throughout their test 
ing procedures. The carriages pick up the samples and 
carry them to the appropriate zones where functions are 
performed, depositing them where required in storage 
zones for incubation at ambient or other temperatures 
for predetermined times. If the delay or delays resulting 
are substantial, the apparatus remembers the position of 
deposit, times the length of resulting delay and while 
such time is passing performs other functions. For ex 
ample, a carriage may return to the initial zone where it 
picks up another sample, enters its code into the mem 
ory of the program and control mechanism, moves the 
sample container to the reagent-adding zone where it 
adds a totally different reagent or the same reagent as in 
the ?rst sample, and then deposits this second container 
in another position of the storage zone — again remem 
bering the location of the deposit and the time required. 
If in the meantime the time for the ?rst sample to have 
been incubated has been used up, one or the other of the 
carriages will move to the storage zone, pick up the ?rst 
sample container, carry it to the testing zone where it 
will be tested and generally move it through the proce 
dure which has been predetermined for it. The said 
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4 
procedure is predetermined and programmed by suit 
able instructions which have been electronically stored 
in the memory of the programming and control device 
and coded to the test code carried on indicia means 
attached to the particular sample container. 
One can visualize the apparatus of the invention in 

operation as a machine which includes one or more 
carriages rapidly moving back and forth along a guide 
way carrying out multiple testing of a plurality of sam 
ples in respective sample containers. The containers are 
picked up and moved and deposited in accordance with 
procedures which overlap and are intermixed in time so 
that there is no continuous or cyclical movement. The 
equivalent would be an infallible chemist with a prodi 
gious memory, or two such chemists with their memo 
ries connected in the case of an apparatus having two 
carriages, scurrying back and forth, picking up samples, 
processing them, remembering where they are and how 
long they are to be there, testing the, recording results, 
etc., all intermixed by properly timed in accordance 
with procedures for the test codes that the infallible 
chemists have together memorized. No time is wasted, 
no delay permitting other processing is permitted to 
pass, and everything is done ef?ciently and with com 
plete identi?cation as a result of which the ‘maximum 
number of tests is done in the minimum of time but with 
the least amount of apparatus. 

DESCRIPTION OF THE PRIOR ART 

Typical patents of the prior art showing the type of 
automated processingapparatus which has been men 
tioned above and giving rise to the enumerated and 
other disadvantages are: 

Moran ' 3,622,279 
Netheler, et a1. 3,644,095 
Natelson 3,260,413 
Matte 3,617,222 
Heinz et a1. 3,589,867 
Gilford 3,526,125 
Bednar et al. 3,504,376 
Buckle et al. 3,489,521 
Wasilewski 3,432,271 

The US. patents mentioned have not all resulted in 
commercial apparatus, and even such apparatus that has 
resulted has not been totally successful. 

In the course of detailing the preferred embodiments 
of the invention, mention will be made of structures 
which are disclosed in other patents owned by the as 
signee of this application, such patents comprising: 

Gilford 3,475, 127 
Gilford 3,647,386 
Gilford 3,645,252 
Gilford, et al. 3,344,702 

SUMMARY OF THE INVENTION 

Automatic asynchronous apparatus for processing 
?uids such as blood and the like for obtaining informa 
tion relating to the physical and/or chemical properties 
thereof. The invention provides a plurality of zones 
along a guideway upon which a carriage is arranged to 
move. There is a ?rst zone in which sample containers 
may be individually extracted from a supply of the 
same, each container preferably being disposable and 
having sample identi?cation and test code information 
on suitable indicia means such as, for example, a printed 
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card containing both machine and human readable 
markings. The ?rst zone also has means for electroni 
cally reading the test code of any sample container 
which is extracted, the carriage having structure for 
enabling the extraction of a sample container from posi 
tions in the several zones or the insertion of said con 
tainer into positions of the several zones. 
A second zone has means for adding reagent to sam 

ple containers through a suitable access opening in the 
container; a third zone has storage stations in which 
sample containers may be deposited for incubation at 
controlled temperature for certain prescribed lengths of 
time; a fourth zone has means for extracting ?uid from 
the sample container through another or the same ac 
cess opening and moving the ?uid through a testing 
device. Each zone may have multiple positions, as for 
example, there may be several testing machines so that 
the fourth zone has a position corresponding to each 
machine at which ?uid can be withdrawn. A ?fth loca 
tion along the guideway may provide a readout device 
and at this point the indicia means of the sample con 
tainer is read and identi?ed with respect to data which 
has been generated for that sample in a testing machine. 
The data may be printed on the indicia means or trans 
mitted elsewhere or recorded in an identi?able manner 
on a suitable document. The indicia means may be sepa 
rated from the container at this point and stored or the 
container and indicia means may be passed to a follow 
ing station where the separation is effected and the 
containers disposed of in one manner and the indicia 
means in another. 
The apparatus includes programming and control 

means including a memory, the programming and con 
trol means furnishing the energizing or enabling signals 
which operate the apparatus, including, for example, 
signals to cause the transport means to drive the car 
riage to various locations along the guideway, signals 
which cause the operation of the sample container re 
ciprocating device in extracting or inserting the con 
tainers relative to the positions of the respective zones, 
etc. The movement ‘of the sample containers may ener 
gize or enable the operation of components or the pro 
gramming and control means may effect such operation 
in concert with movement of the containers. Thus, for 
example, the movement of the container into a position 
of the second zone may trip a switch to start the cycle 
of a reagent pump which will feed reagent into a nozzle 
engaged in the access opening of the container; while on 
the other hand, the positioning of the carriage at a par 
ticular location with respect to the third zone may bring 
about the production of an enabling signal directed to 
the particular testing machine from the programming 
and control means, this latter signal originating in the 
last-mentioned means. 
The overall operation of the apparatus is tied in with 

the memory which, in addition to previously inserted 
instructions for testing procedure individual to the re 
spective test codes, carries temporarily information 
concerning the location of the carriage, the location of 
speci?c sample containers being incubated and the time 
they are to be so incubated, the arrangement of a carou 
sel of sample containers or a cassette of the same, etc. 
The programming and control means are arranged to 

utilize the time of the processing in the most ef?cient 
manner by sharing time, in a way of speaking. Where a 
procedure required delay, as for example, in the case 
that a sample container is stored in the storage zone to 
incubate or permit a reaction to occur over a period of 
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6 
time, obviously since the guideway is capable of being 
used in the meantime, the carriage is directed to process 
other samples. Thus, it may move to the ?rst zone, pick 
up a second sample container, move it to the reagent 
adding zone and add reagent from the same or a differ 
ent reagent nozzle, and then move it to a second posi 
tion in the storage zone to incubate it. Following this, 
the carriage may go back to the ?rst position of the 
storage zone where the ?rst sample container had been 
left, and assuming that the incubation time of that ?rst 
sample container is completed, pick up the ?rst sample 
container and carry on to the remainder of the testing 
procedure. The information concerning its deposit of 
the second sample container is still in the memory, and 
when the incubation time for the second sample con 
tainer has been completed, the carriage will go to that 
position, pick it up and continue with the test procedure 
for that particular sample. 

Thus, multiple sample containers are simultaneously 
being processed, but in an orderly fashion with respect 
to their particular procedures as called for by the indi 
vidual test code carried on the indicia means of the 
respective sample containers, and with overlapping 
time periods. The total time required to complete a 
single test procedure is shared by other test procedures 
to the extent that delays in any one or more procedure 
permits the operation of the carriage. 

In a more sophisticated version, there are two car 
riages arranged on the same guideway, their extent of 
travel overlapping, but synchronized so as not to inter 
fere with one another. The programming and control 
means can command the one carriage to perform func 
tions which have been started by another in the event 
that the latter carriage is occupied when a step of the 
procedure must be performed and there is a length of 
guideway that is free over which the one carriage can 
travel. The time sharing for the performance of parts of 
procedures simultaneously and the cooperative func 
tioning of the two carriages can readily be programmed 
in the programming and control device, this latter appa 
ratus being practically a computer. 

BRIEF DESCRIPTION OF THE DRAWINGS ' 

FIG. 1 is a diagrammatic view of apparatus con 
structed in accordance with the invention, the view 
including simpli?ed blocks and symbols in place of the 
actual components, the construction of much of the 
latter being known; 
FIG. 2 is a highly simpli?ed ?ow diagram demon 

strating the manner in which two or more test proce 
dures may overlap in time through the use of the inven 
tion; 
FIG. 3 is a perspective view of a sample container 

and indicia means embodying the invention of U.S. Pat. 
No. 3,647,386 with slight modi?cation, suitable for use 
with the invention herein; 
FIG. 4 is a top plan view showing a sample container 

mounted on a carriage of the apparatus of the invention, 
a portion of the environment of the carriage being frag 
mentan'ly shown. 
FIG. 5 is a side elevational view taken generally from 

the plane identi?ed as 5-5 in FIg. 4 and in the direction 
indicated; 
FIG. 6 is a diagrammatic view of a portion of a modi 

?ed apparatus constructed in accordance with the in 
vention, the view in particular illustrating modi?ed 
sample container supply means; 
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FIG. 7 is a perspective view of a second embodiment 
of sample container for use with the invention herein; 
and, 
FIG. 8 is a side elevational view similar to FIG. 5 but 

showing the second embodiment of sample container of 
FIG. 7 in its environmental use with the invention 
herein. 

In FIGS. 9-12 is another embodiment of apparatus 
incorporating the features of the present invention; 
FIG. 9 is a partial view in perspective of a process or 

serum cup magazine and dispensing device constructed 
in accordance with its intended environmental use 
herein; 
FIG. 10 is a partial view in perspective of sample 

supply, dispensing and carriage mechanism; 
FIG. 11 is a partial view in perspective of the sample 

supply and dispensing mechanism as illustrated in FIG. 
10; and 
FIG. 12 is a partial view in perspective of apparatus 

for temporary incubation of serum samples. 

DESCRIPTION OF THE PREFERRED 
EMBODIEMNTS 

The invention is embodied in a system which is capa 
ble of relatively wide variation in its components and 
the arrangement thereof, but there are certain basic 
features which all versions of the invention will have in 
common. These are the following: 

1. The apparatus contemplates that there will be sam 
ples carried in containers and having some means for 
identifying the samples and the tests which are to 
performed thereon; 

2. The apparatus contemplates that there will be a zone 
at which a supply of these containers will be avail 
able, capable of being extracted at said zone to be 
moved into the ?ow path of the apparatus for pro 
cessing, there being a code reading device as close to 
the zone as feasible to identify the test code printed 
on the identi?cation card (indicia means) that is car 
ried by the container; 

3. The apparatus contemplates that there will be a car 
riage that is capable of being driven back and forth 
along a guideway from one end to the other, the 
carriage having a reciprocating holder for a sample 
container, the holder being capable of picking up or 
depositing the sample container; 

. The apparatus contemplates that there will be a plu 
rality of processing zones along the path of move 
ment of the carriage including a reagent-adding zone 
and a testing zone, the carriage being arranged to 
move the positions of these zones as commanded by 
the test procedure for the particular sample and to 
reciprocate the sample container into association 
with the apparatus at these zones if necessary in or 
der; to accomplish the functions which they admit of; 

5. The apparatus contemplates that there will be a read 
out station and perhaps a discard container device at 
the same station at which point the card of the con 
tainer is electronically read so that the test data gen 
erated may in some manner be recorded; and 

6. Finally, the apparatus contemplates circuitry and 
associated electrical and mechanical means to coordi 
nate the operation of the apparatus in the manner 
described. There is required program and control 
means including a memory for permanent and tempo 
rary storage of information. The latter means are 
required to generate the signals needed to drive the 
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8 
carriage to various places along the guideway; to 
receive and store information concerning the location 
of the carriage translated into information concerning 
the location of sample container positions and the 
time for which the containers have remained at the 
respective locations as well as the time which is left at 
which they should remain at the locations; to receive 
and store information concerning the test procedures 
to be followed related to particular respective test 
codes; to generate signals for reciprocating the holder 
for deposit or extraction of sample containers; to 
generate signals for operation of the test apparatus, 
readout apparatus, container discard apparatus; to 
carry out the respective test procedures in the mini 
mum amount of time, irrespective of whether this 
same time was required for other samples being 
tested. ' 

It is pointed out that one important feature has been 
omitted from the above list of features, that being means 
to store sample containers at a storage zone while they 
are being incubated or in some manner delayed. Most if 
not all systems will have such a storage zone and most 
if not all systems will also have multiple positions at the 
reagent-adding zone at which different reagents can be 
added to different sample containers, so that the respec 
tive test procedures will call for different reaction times. 
Although to some extent the apparatus which ex 

cludes multiple storage positions and multiple reagent 
adding positions might be considered unusual, it is not 
totally impractical. Nonetheless, the basic concept of 
the apparatus is emphasized with the minimum number 
of required elements recited above by pointing out that 
the apparatus is constructed and arranged to perform 
the test procedure in the minimum of time possible, 
regardless of the time occupied by the other proce 
dures. 
For example, if the reagent-adding zone has only one 

dispensing nozzle but one test requires more of the 
identical reagent than another, even assuming that there 
is no storage zone, the sample container will be disposed 
at the dispensing nozzle longer for the one test than the 
other. In prior art apparatus, so far as known, the time 
cycle of the apparatus would have to be adjusted so that 
the processing time for all tests is the same, regardless of 
how long the sample container remains at the dispens 
ing nozzle. In the apparatus of the invention, the pro 
gramming and control means will use less time to com 
plete the test procedure for that procedure using the 
lesser amount of reagent because the sample container 
remains at that position less time. 
As mentioned, the practical version of the invention 

will have the storage zone with positions providing 
different incubating temperatures and perhaps including 
some with no temperature control at all — where the 
delayed sample container is permitted to remain at am 
bient temperature for a period of time to permit a reac 
tion to occur. Also, such practical version will normally 
have means for dispensing several different kinds of 
reagent for different tests. 
The apparatus of the invention is capable of handling 

samples requiring widely divergent testing procedures 
on a random order and will utilize the time involved in 
carrying out such procedures with the maximum of 
efficiency. 

Mixing, agitating and the like means will normally be 
provided in a practical device. 
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In FIG. 1 the overall apparatus is designated gener 
ally by the reference character 10 and the mechanical 
and electrical apparatus are shown in highly simpli?ed 
diagrams above with the electrical circuitry for the 
most part in block form shown below. The apparatus 10 
comprises a guideway 12 which may be a rod having a 
left-hand carriage (No. 1) 14 mounted thereon for right 
and left movement con?ned by said guideway 12 and a 
right-hand carriage (No. 2) 16 mounted thereon for 
right and left movement also con?ned by said guideway 
12. A practical design for such carriage as 14 or 16 is 
detailed in FIGS. 4 and 5. As will be seen hereinafter, 
each carriage has a roller which engages on a track for 
assisting in the carriage movement, this not being 
shown in FIG. 1. The left carriage 14 has the ends of a 
wire loop 18 connected thereto, the wire loop being 
frictionally engaged around the pulley 20 of the drive 
motor 22 and passing over end pulleys 24 and 26 
mounted to a support (not shown in FIG. 1) for the 
apparatus. The right carriage 16 has the ends of the wire 
loop 28 connected thereto, the wire loop being friction 
ally engaged around the pulley 30 of the drive motor 32 
and passing over the end pulleys 34 and 36. 
Each carriage has a container reciprocating device 

designated generally 38 and 40 in FIG. 1 which is de 
signed to pick up or extract a sample container from a 
position alongside the guideway 12 or deposit such 
container in a suitable position. In addition, when a 
container has been picked up by the device 38 or 40, it 
is retained on the device and hence can be moved with 
the carriage. The apparatus has an elongate scale 42 
spaced from and parallel with the guideway 12, the 
scale being provided with equally spaced segments that 
can be identi?ed by suitable electronic and/or optical 
means indicated generally at 44 and 46, the latter being 
carried by the respective carriages 14 and 16. For exam 
ple, there could be a series of slots in the scale 42 with 
a lamp and photoresponsive device carried by each 
carriage straddling opposite sides of the scale so that 
there is a signal produced in the photoresponsive device 
each time a slot is passed. In this way, information in the 
form of signals can be generated which identi?es the 
exact location of each carriage at all times by reason of 
the number of slots passed and the direction occurring 
in movement along the guideway 12 and the scale 42. 
End reference members are mounted on the scale 42 at 
48 and 50 to provide end left and right zero reference 
signals, respectively. 
The left carriage 14 has a square shaft 52 passing 

through a square opening in its reciprocating device 38 
so that rotation of the shaft 52 by the electrically oper 
ated rotating means 54 (No. l Rotor) will operate the 
said device 38. Another square shaft 56 (shown broken 
away) passes through a clearance hole in the carriage 14 
and engages a square or otherwise con?ning hole in the 
reciprocating device 40 of the right carriage 16 so that 
rotation of the shaft 56 by the electrically operated 
rotating means 58 (No. 2 Rotor) will operate the said 
device 40. The carriage 16 has a clearance hole through 
which the shaft 52 passes so that rotation thereof will be 
freely permitted. 
The apparatus 10 includes multiple zones where func 

tions related to the operation of the apparatus are lo 
cated alongside of the guideway 12. At the left there is 
an initial indicia means reading zone 60 within which 
two functions normally are performed. These functions, 
detailed hereinafter, comprise withdrawing sample con 
tainers from some form of sample supply means 62 and 
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10 
disposing it onto the carriage 14 and reading the test 
code carried by the identi?cation card 64 that is on the 
container. One container 66 is shown on the carriage 14, 
but the details thereof will be described. Other contain 
ers are shown at 66-2, 66-3 and 66-4 in a cassette 68 of 
the sample supply means 62. 
The reading is carried out by an optical-electronic 

reader 70 that responds to, for example, the light from 
the lamp 72 passing through the machine-readable code 
holes punched in the card 64 and designating the test 
code. The reader 70 is movable to a limited extent left 
and right as will be explained. 
The second zone 74 is the reagent-adding zone and in 

FIG. 1 there is shown reagent supply apparatus 76 hav 
ing three positions suitably numbered, each having a 
dispensing nozzle as at 78-1, 78-2 and 78-3 adapted to 
dispense speci?c volumes of different reagents. Each 
position has a leaf switch, the actuating element of 
which is shown symbolically at 80-1, 80-2 and 80-3 
respectively, so that when a sample container such as 66 
is moved into a position by the reciprocating device 38 
(see phantom outline in FIG. 1), the depression of the 
element such as 80-3 will start the dispensing cycle. The 
container will be in position so that the nozzle such as 
78-2 enters an access opening. When the dispensing 
cycle has been completed, the container such as 66 is 
retracted onto the carriage 14. 
The third zone is a container storage zone 82. As 

shown in FIG. 1, there is a container storage device 84 
which is actually intended for incubating purposes. 
Shown are three positions or stalls each having means 
to engage and hold a sample container therein, includ 
ing a latch bar or shaft 86 operated by a latch drive 
mechanism 88. As will be explained, the latch bar 86 
cooperates with a tooth on the respective sample con 
tainers. In the stall marked 1, the walls are shown with 
no means for heating the stall. A sample container, such 
as that shown at 66-5, placed in this stall will remain 
there at the ambient temperature. If, for example, it 
requires a period of time for a reaction to occur after 
some reagent has been added to the sample contained 
within the sample container, and without changing the 
temperature thereof, the container could be placed in 
the unheated stall No. 1. Stalls No. 2 and No. 3 have 
heating elements as indicated at 90 and 92 connected by 
the lines 94 to a temperature control device 96. These 
stalls may be maintained at the same or different tem 
peratures. Note that a sample container 66-6 is shown in 
stall No. 3. 
The fourth zone which is illustrated is at 98 and it 

comprises the testing zone. Here there are either several 
positions to which the sample containers may be moved 
and where sample may be withdrawn from them by 
snorkel means, for example, or the zone may comprise a 
location along the guideway where snorkel means may 
be provided for movement into and out of the sample 
containers without the need for operating the recipro 
cating device. , 

The zone 98 has snorkel holding brackets at 100 and 
102, the bracket 100 having three snorkels 104, 106 and 
108 leading to a test apparatus 110 designated Test Ap 
paratus No. 1. The bracket 100 is adapted to be raised 
and lowered by a plunger 112 operated in synchronism 
with the operation of the test apparatus 110 by some 
mechanism which is not shown. Likewise, the bracket 
102 has a snorkel 114 which can be raised and lowered 
by the plunger 116 operated in synchronism with the 
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operation of the test apparatus 118, the latter being 
designated Test Apparatus No. 2. 
The test apparatus 110 could be a plurality of spectro 

photometers operating independently and each having 
a wave length control such as shown at 120 or it could 
be a spectrophotometer which is intended to make dy 
namic enzyme measurements including a cuvette mov 
ing device and suitable apparatus for making a multiple 
determination of the type disclosed in US. Pat. No. 
3,344,702. The test apparatus 118 could be a duplicate of 
apparatus 110 for increasing the throughput of the appa 
ratus or it could be other testing means such as for 
example, electronic blood cell or particle counting ap 
paratus. 
The next location along the guideway 12 is the final 

indicia means reading station 122 at which there is dis 
posed a readout or recording device 124. In FIG. 1 this 
is designated “Print” it being contemplated that in a 
preferred embodiment, the carriage 14 (or 16) will bring 
a sample container to the station 122, will move the 
container laterally of the guideway 12 so that its card 
such as 64 will enter the slot 126 where it will be identi 
?ed and related to information which has been derived 
from one of the testing apparatus 110 or 118. The results 
of the test will be printed on the same card and the card 
may be removed for retention by suitable apparatus 
such as indicated by the phantom line block 128. If this 
arrangement is not used, after recording the information 
on a suitable record, the sample container is retracted 
from the slot 126 back onto the carriage and the car 
riage moves to a further station 130 at which the sample 
container may be moved off the carriage into a slot 131 
of the discard apparatus 133 from which the container 
and card may be disposed of. 
Adverting now to the left-hand side of FIG. 1, the 

sample supply means 62 is here shown as an array of 
cassettes 68 each of which contains four sample contain 
ers. Actually the cassettes more conveniently will con 
tain ten or more such samplesand will be prepared by 
the technicians from samples gathered and identi?ed. 
These cassettes can be stacked or otherwise arranged in 
rows in a moving device 132 which mechanically 
moves a cassette forward to the position occupied by 
the bottommost one when that one has been depleted 
and moved out of position. Thus, the cassette marked 68 
will move to the right in FIG. 1 and the following 
cassettes 68-2, 68-3, etc. will move down. The program 
ming and control means represented by the block 134 
may be connected to drive means of the cassette moving 
device to synchronize movement of the device 132 with 
the removal of sample containers. The connecting lines 
or channels are not shown in the view. There can alter 
nately ‘or in addition be sensing means operating by 
virtue of the movement of the sample containers them 
selves to accomplish the functions of moving the cas 
settes into their desired positions. 
As previously mentioned, it is contemplated that the 

reader 70 will move to the left each time that a sample 
container has been removed from the bottommost cas 
sette 68. There could just as well be some means which 
senses when the last sample container, for example 664 
has been removed from its cassette, this signal being 
utilized to return the reader 70 to its right-hand position 
for being aligned with the right-handmost sample con 
tainer of the next following cassette. Also, this same 
signal could be used to operate the device 132 to discard 
the empty cassette and bring into position the next cas 
sette. ' 
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A well-known expedient found in many prior art 

automated apparatus for feeding sample containers to 
the moving belt or chains of the system is a carousel. 
Such carousels are also used to transfer samples from 
sample containers to the permanent reaction vessels 
carried by the chains or belts wherein the mixing and 
reactions occur. The invention herein can use a carousel 
at the zone 60 in place of the cassette arrangement 
which has been illustrated and described, the carousel 
adapted to be loaded manually or in some semi 
automatic manner with sample containers like those 
shown at 66, each having an identifying card. In such 
case, the carousel will rotate an increment each time 
that a sample container has been removed and there is 
no need for movement of the reader 70. Also in such 
case, obviously, the zone 60 will comprise a single posi 
tion. 

Reference may now be had to the lower portion of 
FIG. 1 which illustrates principally the electrical cir 
cuitry and associated channels of the apparatus 10. 
As stated, there is a central command station which is 

designated program and control means 134 which in 
cludes a memory. The program and control means com 
prise principally, if not exclusively, electrical circuitry 
and possibly switching means, timing means and the 
like. The memory is capable of storing and having 
called up therefrom permanent and temporary data. 
This storage means or memory need not be extensive, 
but may still have the capability of handling a substan 
tial volume of tests. 
The best way of following and understanding the 

operation of the apparatus 10 is to consider the lines or 
channels which are coupled with the program and con 
trol means 134. Inputs are shown at the top and left 
while outputs are shown at the bottom and right. It is to 
be appreciated that the program and control means 134 
is not self-actuated and timed as is the case with much of 
the prior art. Instead, its operation depends upon infor 
mation supplied to it, and the programming is a result of 
accommodation to this information. The device 134 
may be considered a computer and, indeed, computa 
tions are made for the proper timing and interrelation of 
the several functions which are commanded thereby. 

Starting with the lower left-hand corner of the block 
134, the channels or lines are designated in a clockwise 
direction 136, 138, 139, 140, 142, 143, 144 for inputs; and 
146, 148, 150, 152, 153, and 154 for outputs. Since the 
lines and channels described are only by way of exam 
ple, there may be more or less than those speci?cally 
illustrated depending upon the functions required of the 
apparatus. 
The memory store of the program and control means 

134 may have a limited capacity, as explained. Never 
theless, it is capable of handling a great variety of tests. 
At 156 there is shown a block which is in the form of a 
terminal connected to the program and control means 
134 by the channel 138. This could be a large number of 
lines to enable rapid transmittal of information into the 
memory of the program and control means 134. The 
block 156 enables test information to be stored in the 
memory. It is designated Insert Test Program Instruc 
tions. Through the use of magnetic cards such as 158 or 
a keyboard 160 the inserting terminal 156 will store in 
the memory complete test instructions for several test 
procedures which the apparatus 10 is required to fol 
low. These instructions are of a permanent nature in 
that they will remain in the memory until erased there 
from. Thus, if it is known that the apparatus 10 is to 



4,058,367 
13 

perform certain tests for a period of time, all previous 
test information can be erased by the insert terminal 156 
and only those which are desired inserted. In this man 
ner, the memory of the program and control means 134 
need not be too extensive. 
The instructions stored and relating to the test proce 

dures are stored with call-up information in the form of 
a test code. Thus, when a test code corresponding to a 
particular procedure appears on the card 64 of a sample 
container 66 and is read by the reader 70, that informa 
tion is transmitted to the program and control means 
134 by the line or channel 140 after which the proce 
dure is followed by the programming portion to cause 
the called-for functions to be performed by the appara 
tus. 
The temporary information which is stored in the 

memory of the program and control means 134 appears 
on the other input lines. The positions of the carriages 
14 and 16 are represented by the information appearing 
on the lines 143 and 144,‘being derived from the struc 
tures 44 and 46 working in conjunction with the scale 42 
and its slots mentioned above. In order to have a point 
of reference at each end of the scale, there are zero stops 
at 48 and 50 which transmit reference signals to the 
program and control means 134 by way of the input 
lines 136 and 142. The call-up of the test procedure 
information from the reader upon reading a particular 
test code is effected by way of the line 140. When a test 
has been performed, the test data may be stored tempo 
rarily in the memory or may alternately or in addition 
be immediately transferred to the printer 124. The chan 
nel from the testing apparatus such as 110 and 118 is 
shown at 139, and it should be understood that this 
channel will usually comprise a plurality of conductors. 
With respect to outputs, the various functions which 

are performed are achieved by way of several circuits 
which may include mechanical devices, switches and 
the like, in response to the commands of the program 
and control means 134. 
The movement of the carriages 14 and 16 is effected 

by driving the motors 22 and 32 in the appropriate 
direction and for the appropriate time. The two outputs 
146 and 148 accomplish this through logic circuits 156 
and 158 connected to the motors by way of the lines 160 
and 162, respectively. 
The movement of the carriages can be at high speed 

using known arrangements. The reciprocating devices 
38 and 40 of the carriages 14 and 16 respectively are 
operated by rotors 54 and 58 as explained. These latter 
rotors are energized by suitable logic circuits 164 and 
166 by way of the lines 168 and 170, respectively in 
response to commands appearing on the lines 150 and 
153. When sample containers are to be retracted from 
locations where they have been stored, as for example, 
if stored in the container storage means 84, they must be 
released by the structure at that location which has been 
holding them in position. In the case of the container 
storage means 84 it was explained that there is a latching 
bar 86 which holds the containers. Thus, when the 
program and control means 134 calls for the container 
to be picked up from ‘such a position, in addition to the 
reciprocating device of the particular carriage being 
required to move forward, the latch must be released by 
operation of the latch or unlatch mechanism 88. The 
same logic circuits 164 and 166 can provide such com 
mand signals because they must occur in synchronism 
with the reciprocating signals. The pertinent connec 
tions are designated 172 and 174 in FIG. 1. 
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The other output lines which are shown are the lines 

152 and 154. The ?rst of these provides the command 
signals for operating the test apparatus when a sample 
container such as 66 is in position at the zone 98 and the 
second of these energizes the print apparatus 124. Varia 
tions in the method of achieving the desired functions 
will occur to those familiar with this art, for example, 
being related to the arrival of a carriage at a certain 
position and the existence of sensors at that position to 
detect such arrival and provide the necessary command 
signals in lieu of or in addition to command signals 
furnished by the program and control means. 
The use of two carriages such as 14 and 16 is a re?ne 

ment of the basic invention as originally conceived 
intended for increasing the speed of operation of the 
apparatus. It is clear that the program and control 
means 134 is required continuously to monitor informa 
tion as to the location of the two carriages, continuously 
to test the conditions under which one or the other of 
the carriages is better able to perform a given function 
and continuously to maintain a separation of the com 
mand signals driving the carriages so that they do not 
run into one'another while still being able freely to 
overlap one another’s positions along the guideway. In 
order to explain the manner in which apparatus such as 
shown in FIG. 1 operates with only a single carriage, 
the highly diagrammatic view of FIG. 2 will be used. 
FIG. 2 represents a simpli?ed flow diagram of the 

operation of a single carriage device in performing the 
functions of an automated processing apparatus. The 
guideway 12 is here represented by the three lines 12-1, 
12-2 and 12-3. It is emphasized that the display is graphi 
cal and not intended to signify that there are any 
branches or parallel extensions of the guideway. None 
of the channels or command circuitry is attempted to be 
represented in this ?gure. 

Consider ?rst that the carriage shown in solid lines at 
14-1 picks up Sample No. 1 at station 60-1, this function 
being represented by the block A. The carriage now 
moves to station 74-1 where it is shown at 14-2 in phan 
tom lines. Assume that at station 74-1 a quantity of 
reagent No. l is introduced into the sample container 
carried by the carriage, this function being represented 
by the block B. The carriage is now moved along the 
guideway 12-1 to the next zone where it stops at station 
82-1, this being represented by the phantom lines 14-3. 
Here the testing procedure calls for, for example, the 
incubation of the sample at a certain temperature for a 
certain time, so the sample container is reciprocated 
from the carriage and inserted into a storage device. 
This function is represented by the block C. 
At this point, designated 176, the apparatus has to 

make a decision. If the time of the delay at station 82-1 
is not long enough to allow for the partial processing of 
another sample, the carriage waits at the point 176. If on 
the other hand there is suf?cient time for other func 
tions to be performed, the carriage leaves the point 176 
and is sent to perform the other functions. Here it is 
assumed that the delay represented by the block C is 
more than enough for the carriage to be able to get 
another sample, insert another reagent and store the 
container in another location of the incubator or in 
another incubator. Thus, the carriage is returned by the 
program and control means giving the appropriate com 
mands, such return being effected back along the same 
guideway. In order to show the return of the carriage, 
the guideway is offset and designated 12-2, this being 
the line commencing at point 176 and ending at the 
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point 178. The carriage is shown at point 178 as a solid 
line member 14-4 and it is understood that it has re 
turned back to the zone where it can pick up another 
sample container which is designated Sample No. 2. 
This isrepresented by the function block D. The loca 
tion 60-2 is at the same zone as the location 60-1 but may 
be slightly displaced therefrom. If a carousel is in 
volved, the locations 60-1 and 60-2 would be identical. 
Assume that the carriage at 14-4 has picked up the 

second sample container containing the Sample No. 2 
and is required to insert another reagent into the con 
tainer. The carriage now moves forward (to the right in 
FIG. 2) along the same guideway, but now designated 
12-3 to show the path actually being taken, to the rea 
gent-adding zone. Here, at location 74-2 the carriage 
stops as shown by the phantom lines 14-5 and Reagent 
No. 2 is injected into the sample container as indicated 
by the function block E. The carriage now moves along 
the same guideway to the storage zone and stops at 
position 82-2 which must be different from the position 
82-1 since there is already a sample container in a stall at 
this latter position. The carriage is designated 14-6 at 
this location and when the position is reached, the sec 
ond sample container is inserted into the stall of the 
incubator at that position to be left there for a predeter 
mined time. 
From this position, the carriage has several ways that 

it may go, depending upon the amount of time which is 
available. If the samples No. l and No. 2 are going to be 
incubating for a considerable time, the carriage may go 
back to zone 60 and pick up a third sample. This is 
indicated by the broken line 12-4. If Sample No. 2 can 
be stored and Sample No. 1 is ready to be further pro 
cessed, the carriage may move along the broken line 
12-5 back to position 82-1 at point 176 and pick up the 
container of Sample No. 1 to ?nish processing it. This 
would move the carriage along the guideway as desig 
nated at 12-6 to the testing zone, the readout zone 122 
and the discard zone 130 has shown at 14-7, 14-8 and 
14-9, respectively. Here the functions to be performed 
would be test G, print or readout H and discard I. 
Another possibility for the operation of the apparatus 

is for the carriage to complete the processing of the 
Sample No. 2 by-passing the stored Sample No. 1 be 
cause there is more time going to be required for the 
incubating of Sample No. 1 than there is in the incubat 
ing, testing, readout and discard of Sample No. 2. 
From zone 130, the carriage will go back to perform 

other processing functions in accordance with instruc 
tions from the program and control means 134. 
At this point, perhaps the timing involved should be 

considered. The apparatus described in connection with 
FIG. 2 has been given the two consecutive samples to 
process and the test procedure in each case may or may 
not be different. The apparatus is exhorted to process 
these samples in the shortest time to the end that the 
maximum amount of operating time can be obtained 
from the apparatus with the maximum throughput. 
Assuming that the carriage movement is instantaneous, 
the apparatus works out the carriage movement by 
suitable logic circuitry of a type that is well known as in 
the following examples. In these examples it may be 
taken that the times for processing are de?ned as 

The ?rst expression is the processing time for Sample 
No. l and the second for Sample No. 2. Total time in 
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each case is the time for picking up the sample at the 
sample supply zone and reading its test code (TA or 
TD) plus the time required to insert a quantity of re 
agent into the sample container (TB or TE) plus the 
time for which the sample is stored in the incubator (TC 
or TF) plus the testing time (T6), the readout time 
(TH) and the discard time (T1). In a practical machine, 
TA will equal TD; TB will usually equal TE; and TG 
may have different values for different tests. For pur 
poses of explanation, we have assumed that there is only 
one test apparatus and that the time for testing is the 
same for all procedures. 

EXAMPLE 1 

If T2 is less than TC then from the point 176 of FIG. 
2, the carriage can go back to the sample storage zone, 
pick up Sample No. 2, insert reagent, incubate, test, 
print and discard while Sample No. 1 remains in the 
incubator. When Sample 2 has been tested and its results 
recorded, the carriage can go back to the incubating 
zone, pick up sample No. l at the end of its incubating 
period and ?nish its test procedure. 

In the above example, the savings in time with just 
the one additional processing of Sample No. 1 (and of 
course there could have been more than the one) is the 
complete processing time of Sample No. 2. 

EXAMPLE 2 

If [TD + TE + TF] is less than [TC + T6 + TH 
+ TI + TD] then Sample No. 1 must be processed 
before taking any of the test procedure steps with Sam 
ple No. 2 except picking it up from the sample supply 
means and reading its test code and returning it to the 
sample supply means. 

In this example, if Sample No. 1 was to be left to 
incubate, Sample No. 2 picked up, supplied with re 
agent and placed in the incubator and then Sample No. 
1 again picked out of the incubator and continued to be 
processed, it is necessary that the processing of Sample 
No. 1 through test, readout and discard to be completed 
before the incubation time of Sample No. 2 has been 
completed. If otherwise, the carriage would be in the 
middle of doing something which it could not interrupt 
when the Sample No. 2 has to be removed from the 
incubator and immediately tested. Of course there could 
be structure which would enable the Sample No. l to be 
held up before discard so that the carriage could go 
back for the critical processing of Sample No. 2, but the 
simpli?ed form of the apparatus would not include this. 
The use of a second carriage would provide the ?exibil 
ity needed to prevent this problem. 

In other words, once Sample No. 2 has been placed in 
the incubator, the completion of Sample No. 1 must be 
effected before it is necessary to remove Sample No. 2 
from the incubator. 
What will happen is that once Sample No. 1 has been 

placed in the incubator, the carriage will be sent back to 
zone 60 and pick up the next sample. Since the samples 
are stored in the cassettes or on the carousel at random, 
there is no way of testing-the formula of Example No. 2 
without reading its test code. The apparatus may have a 
minimum time for testing built into its memory so that 
even for the fastest test procedure, there will be suffi 
cient time for the carriage to leave one sample in the 
incubator and run back and see what the next sample 
requires. If there will not be sufficient time as described, 
after reading the test code and rejecting the concurrent 
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testing procedure, the carriage will move to its position 
at the incubator and ?nish the test procedure it was 
working on. 

EXAMPLE 3 

If (TC + TG + TH + T1) is greater than (TD + TE 
+ TF) Sample No. 1 can be stored; Sample No. 2 
picked up, provided with reagent and stored; the car 
riage returned to Sample No. l picking it out of the 
incubator and ?nishing the test procedure thereof; the 
carriage returned to the incubator picking up Sample 
No. 2 and ?nishing the test procedure thereof. 
There are many variations of the above examples, 

especially where more than two samples become in 
volved. The circuitry for working out the logic is well 
known, as explained. 
Depending upon the types of test involved, the pro 

cedures may permit interruption for purposes of recom 
mencing another procedure which has been delayed. 
All of this type of logic can readily be worked out and 
built into the program and control means 134. 

Reference may now be had to FIGS. 3, 4 and 5 which 
illustrates some of the details of examples of the ?rst 
embodiment of sample container 66 and the carriage 14 
by reason of which the apparatus 10 may be better 
understood. It should be emphasized that these struc 
tures are capable of wide variation and the basic con 
cept is intended to be convered in the appended claims 
without limitations represented by the details. 
The sample container 66 of FIG. 3 is constructed in 

accordance with the disclosure of US. Pat. No. 
3,647,386 with some variations. There is an elongate 
body member 180 of rigid plastic having a generally 
square cross section but having a somewhat smaller 
depending extension 182 upon which there is sealed or 
cemented a soft plastic bag the bottom of which is also 
sealed as indicated at 186. This structure permits of 
mixing the contents by kneading or otherwise working 
the bag 184, and, although not speci?cally described in 
connection with the apparatus 10, means normally 
would be provided to assure that the contents of the bag 
184 are thoroughly mixed after the addition of the re 
agents at zone 74. 
The left-hand end of the body member 180 has an 

upwardly extending tooth 188 integral therewith, this 
tooth 188 being intended to cooperate with the latching 
bar 86 when the container'66 is stored in a stall of the 
container storage apparatus 84. There is an elongate 
passageway 190 in the head 180, the entrance to which 
can be seen at the left at 192 in a cuplike conical depres 
sion 194 which enables a reagent nozzle such as 78-1, I 
78-2 and 78-3 to pilot and seat during the introduction of 
reagent into the container 66. At the top of the head 
180, opposite the lefthand end in FIG. 3 there is a cylin 
drical post 196 having a central opening 198 in a depres 
sion 200 similar to 194 leading to a vertical passageway 
202 that intersects with the passageway 190 but contin 
ues downward to the bottom of depending extension 
182 and opens into the bag 184 past a flapper valve 204. 
There will be some arrangement at the junction so that 
when reagents are forced into the passageway 190 they 
will pass into the vertical passageway 202 downwardly 
and into the bag instead of emerging upwardly from the 
opening 198. Examples of this type of structure are 
described in the above-mentioned patents of the as 
signee. It should also be pointed out that these patents 
also describe an arrangement by virtue of which the 
undiluted ?uid which is to be tested is initially con 
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tained in a short length of capillary tubing that is in 
serted and carried in the passageway 190. The ?rst 
dilution of the ?uid is achieved by forcing a volume of 
the diluent into the passageway 190 and through the 
bore of the capillary tubing thus washing all of the 
undiluted ?uid out of the length of tubing and into the 
bag 184. This initial dilution could be done in the appa 
ratus 10 or prior to installing the container 66 in the 
cassettes such as 68. 
The openings and passageways which have been 

described in connection with FIG. 3 comprise the ac 
cess means which are referred to herein. It should be 
appreciated that one, two or more openings could pro 
vide the means for introducing liquids and reagents into 
the bag 184 and for removing the same therefrom. 
On the upper surface of the head 180 there is pro 

vided a pair of integral upwardly arranged guide mem 
bers 206 each having an internal vertical groove 208 
thereby providing a seat between them for the insertion 
of a removable rectangular identi?cation card 64 previ 
ously referred to as indicia‘means. The card can carry 
any desired information, but preferably it will carry a 
printed or punched machine-readable code 210 identify 
ing the test procedure to be followed, this same code in 
human readable indicia at 212, a sample identi?cation at 
214 which is machine readable at 216. Other human 
readable information may be shown at 218 giving pa 
tient and doctor's names, etc. The card 64 is readily 
installed and removed from the seat provided by the 
grooves 208. 
The head 180 is constructed in such a manner that 

lateral shoulders 220 are provided along its lower edges 
between the outer lateral sides and the extension 182. 
The thickness of the upper mouth of the bag 184 which 
is engaged on the extension 182 is minimal so as not to 
interfere with the use of the shoulders 220 for support 
ing the bag on the carriage as will be explained and 
sliding the bag onto and off of the carriage in moving 
the same. 
The carriage 14 with a sample container 66 disposed 

thereon is shown in its operative arrangement in FIGS. 
4 and 5. The ?rst of these is a generally top plan view of 
a fragment of the apparatus 10 which includes the car 
riage, and the second of these is a fragmentary view 
generally taken along the plane 5—5 of FIG. 4. The 
carriage 14 is generally capable of substantial variation 
in construction; hence the details which are given are 
intended only by way of example. There is a vertical 
standard 230 having a bottom block member 232 con 
nected therewith that extends to the left as viewed in 
FIG. 5 and a similarly arranged upper block member 
234. This structure is generally of C-shaped con?gura 
tion and its opening faces the various zones 60, 74 and 
82 in FIG. 1 providing a generally convenient arrange 
ment for the reciprocation of the sample container onto 
the upper block member 234 without interference. 
The carriage 14, as explained, is intended to he slid 

along the guideway 12 right and left as viewed in FIG. 
1, and for this purpose the left-hand end (rear) of the 
lower block member 232 has a passageway formed at 
the axis of an integral cylindrical housing 236 which 
carries an antifriction sleeve or bearing 238 through 
which the guideway 12 is engaged. In this example of 
the apparatus 10, the guideway 12 is a cylindrical rod of 
smooth metal. The carriage 14 and housing 236 are of 
plastic, such as a molded rigid synthetic resin. The front 
(right-hand end in FIG. 5) of the carriage 14 is provided 
with a free-rolling roller 240 that engages a track 242 
























